Introduction
States and the federal government have passed an increasing number of laws and regulations to curb the use, misuse, and toxicity of opioids. [1] [2] [3] Current laws and policies vary substantially across states. 2, [4] [5] [6] [7] [8] The Centers for Disease Control classifies opioid-regulating laws into 7 groups. 9, 10 Four groups are directed at patients and prescribers, and include laws that provide immunity from prosecution for persons seeking help during an overdose, prohibit patients from receiving opioids from multiple providers without the prescribers' knowledge, require a physical examination before prescribing, and mandate the use of tamper-resistant prescription forms. Other laws regulate pharmacy and pain management clinic practices. These set prescription drug limits, require patient identification before dispensing, and impose registration and strict oversight for pain management clinics.
Findings from past studies on the impact of laws on opioid use and outcomes are mixed. 1, 5, [10] [11] [12] [13] [14] The mixed findings reflect, at least in part, the differences in measured outcomes (eg, prescription opioid diversion investigations, medical examiner report for opioid overdose death, volume of opioid sold per month), duration of study, sample size, sources of data (medical examiner vs poison center vs drug treatment center vs pharmacy sources), sociodemographic factors (insurance status and age), and effects of single versus multiple opioid-regulating laws and policies. Understanding the impact of these laws can inform policy geared toward making the laws more effective in curbing the growing epidemic of opioid overdose, especially among the elderly population. Objectives: To examine the longitudinal association of laws regulating pain clinics on opioid-prescribing and opioid-related toxicity among Texas Medicare recipients. Methods: The 2007 to 2012 claims data for Texas Medicare Part D recipients were used to assess temporal trends in the percentage of patients filling any schedule II or schedule III opioid prescription, hospitalization for opioid toxicity, and their relationships to the 2009 to 2011 Texas laws regulating pain clinics. We excluded those with a cancer diagnosis. Join-point trend analysis with Bayesian Information Criterion selection methods were used to evaluate the change in monthly percentages of patients filling opioid prescriptions and hospitalization over time. Results: There was a short-lived decline in the monthly percentages of patients who filled a schedule II or schedule III opioid prescription after the 2009 laws regulating pain clinics. The decline lasted about 3 months. Subsequent new laws had no effect on the percentages of patients who filled any opioid prescription or were hospitalized for potential opioid toxicity. Hospitalizations for opioid toxicity were highest in the winter and lowest in the summer. Conclusions: Changes in the percentages of opioid-prescribing or opioid-related hospitalizations over time were not associated with laws regulating pain clinics.
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Medicare, opioids, laws, public policy, overdose A recent cross-sectional analysis of national Medicare data and state laws regulating prescription opioids showed a significant relationship between laws regulating pain clinics and lower rates of schedule II opioid prescriptions. 10 Pain clinics are major sources of prescription opioids. 1, 5, 15 Laws regulating pain clinics set requirements and guidelines for clinic registration, inspection, and certification.
1,2,4-8 They also regulate training and education of physicians, staff and clinic owners, process of patient care metrics, standards for storage of medications and medical records, and procedures for investigating complaints and assessing penalties for noncompliance.
To better understand the impact of laws passed in Texas between 2009 and 2011 to regulate pain clinics, we examined the longitudinal association of these laws on opioid prescribing and opioid-related toxicity among elderly Medicare recipients. Elderly Medicare recipients are particularly prone to opioid-related toxicity because of the agerelated decline in drug metabolism and the high prevalence of multiple comorbidities and polypharmacy. 10 Availability of Medicare Part D prescription medication data allowed us to investigate the temporal association of these laws with the change in percentage of patients who filled any opioid prescriptions or were hospitalized for opioid toxicity between January 2008 and December 2012. We hypothesized that implementation of laws regulating pain clinics would be temporally associated with a decrease in the monthly percentages of Medicare patients who filled a schedule II or schedule III opioid prescription or who were hospitalized for opioid toxicity. We used the older classification for the opioid schedule class because our data preceded the 2014 Drug Enforcement Administration (DEA)-mandated reclassification of hydrocodone products from a schedule III to schedule II drug. 
Methods
Establishment of the Cohort Study
Summary of Texas Laws and Regulations
The Texas government implemented a number of regulations about opioid prescribing from 2009 to 2012. 2, 4, 7, 8 The laws regulating pain clinics are summarized below. 
Study Outcomes
We assessed opioid prescribing and also opioid-related toxicity in relation to changes in Texas laws regulating pain management clinics. For opioid prescribing, the outcome was the monthly percentages of Medicare patients who filled at least one prescription for either a schedule II or a schedule III opioid during the study years. This was determined by examining the PDE records for the study cohort. The RED BOOK SELECT databases were used to identify the opioid schedules. Opioids given by injections were not included. For toxicity, the outcome was acute hospitalization related to overdose. Acute hospitalization use was identified from all inpatient claims in MedPAR files. Any positions of admission diagnoses for- (1) 
Statistical Analyses
The monthly percentages of patients who filled a schedule II or schedule III opioid prescription or were hospitalized for potential opioid overdose during the study years were calculated and plotted. To identify the trend of opioid prescribing and toxicity over time, a joinpoint trend analysis, with the maximum of 9 joinpoints for opioid prescribing and hospitalization, was used through grid search of joinpoints by Bayesian information criterion selection methods. This method assumed a linear trend between joinpoints and continuity at joinpoints, also known as piecewise or segmented trend analysis with continuity constraint. All tests of statistical significance of increase or decline in slopes of the trends were 2-sided with a significance level of .05.
Analyses were performed with SAS version 9.3 (SAS Inc, Cary, NC) and Joinpoint Regression Program version 3.5. We conducted a joinpoint analysis to determine the points where there were significant changes in the percentage of patients per month filling at least one opioid prescription (Table 1 ). 
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Results
Opioid Prescribing in Relation to Changes in Laws
Hospitalization for Potential Opioid Overdose in Relation to Changes in Laws
The rate of acute hospitalization for opioid toxicity showed 7 joinpoints (Table 2 ), but none were clearly associated with the laws regulating pain clinics. There was no correlation between the monthly percentages of patients filling a schedule II or III opioid prescription and hospitalization for toxicity (r = .054, P = .68, for schedule 2, and r = −.025, P = .85, for schedule III). Opioid-related hospitalizations from January 2008 to December 2012 followed a sinusoidal pattern with peaks in the winter months (February and March) and lows in the summer months (July and August).
Discussion
There was a short-lived decline in the monthly percentage of Medicare patients who filled at least one schedule II or III opioid prescription after the November 2009 laws regulating the operations of pain clinics. The decline lasted about 3 months. There was no association between subsequent new laws and the monthly percentages of patients filling a schedule II or III opioid prescription. Also, no association was observed between Texas laws regulating pain clinics and the monthly percentages of Medicare patients hospitalized for opioid toxicity.
Although changes occurred in the monthly percentages of patients filling a schedule II or III opioid prescription over time, the changes were not clearly associated with the laws regulating pain clinics. These changes might however be related to other ongoing law enforcement activities in the state. For example, the March 2011 downward shift in the percentages of patients filling a schedule II or III opioid prescription could have been related to the unusually high number of opioid prescription-related disciplinary actions and license revocations by the Texas Medical Board in 2011 (71 physicians in 2011 vs 16 in 2006). 18, 19 It is possible that the increase in disciplinary actions in 2011 were the result of the enactment of Laws B and C in 2010, such that prescribers who did not comply with the new laws might have had substantial restriction or suspension of their opioid prescribing privileges. Also, in May 2011, the Texas government passed a law that made it a felony for a patient to seek schedule II or III opioids from multiple providers without disclosing prior opioid prescriptions to the new prescribers. 20 The law however could not explain the downward shift in the slope of opioid prescribing that began 2 months earlier. Our Medicare claims database did not allow us to investigate these possibilities, but it is an important area for future study.
Other studies have found cross-sectional associations of laws regulating pain clinics and opioid prescribing but we did not see this association longitudinally. 1, 5, 10, 13, 14 The shortterm nature of the decline in the monthly percentages of Medicare patients filling a schedule II or III opioid prescription was a surprising finding as we expected the laws to have long-term effect. The reason for the temporary decrease was unclear, but the finding underscored the importance of longitudinal data analysis in evaluating the impact of policy and regulations on opioid prescribing. Because past studies showed lower rate of opioid prescribing in Texas than other states, it may have been difficult to detect longitudinal changes in response to the laws regulating pain clinics. 10, 21 It was also possible that the lack of sustained decrease in opioid prescribing reflected a shift of opioid prescribing from the pain management clinics to primary care offices, such that increasing number of patients receive opioid prescriptions from their primary care physicians instead of pain management specialists. Future study is needed to explore this possibility of unintended consequences of stricter regulation of pain clinic physicians. From a regulatory point of view, our finding underscored the importance of writing laws that better address the cause(s) of the increasing incidence of opioid-toxicity in order to achieve the desired societal outcome.
The rate of hospitalization related to opioid toxicity was highest in the winter months and lowest in the summer. Seasonal variations in opioid-related suicide have been described, with the highest rates in the fall and spring. 22, 23 In contrast, recent evidence showed that non-opioid-related suicides were lower in winter months. 24, 25 Further studies are needed to clarify the effect of seasonality on opioid-related death and other outcomes in the growing population of older adults.
Other studies have reported modest reductions in opioidrelated death and opioid diversion in response to enactment of pain clinic laws and a substantial increase in law enforcement activities conducted by police, DEA agents, and other law enforcement agencies.
1,5,13,14 Our study's focus was not on law enforcement activities but on the potential association of laws regulating pain clinic and opioid prescribing by licensed prescribers. We also did not focus on patients who obtained opioids in the setting of illicit drugs, diverted drugs, and other illegal activities. Most seniors receive their opioids legally from licensed prescribers, and their patterns and outcomes of use and misuse are likely different from those of younger populations.
Limitations
We likely underestimated the overall percentage of opioid prescribing because we excluded opioid injections. We also had no information on opioids obtained from the Internet, friends, the street, and mail order. These sources of opioids were likely minimal in our cohorts as most elderly patients receive their opioids legally from licensed prescribers. [26] [27] [28] Another limitation was the possibility of underdetection of opioid-related hospitalization due to underrecognition of opioid-related toxicity by clinicians. Finally, because of our exclusion criteria and our focus on the elderly population, our results might not be generalizable to patients in a HMO, those without Medicare Part D medication insurance or the younger population.
Conclusions
We found only a 3-month decline in the monthly percentages of Medicare patients filling a schedule II or III opioid prescription after the 2009 Texas laws; subsequent new laws had no effect on the percentage of opioid prescriptions filled or opioid-related hospitalizations. Our finding of short-term effect of the law underscored the need for periodic evaluations and long-term monitoring of opioid-regulating policies for durability and sustainability. For example, evaluating the effect of the 2014 DEA-mandated reclassification of hydrocodone combination products on opioid prescribing and toxicity could help answer questions about relative impact of federal versus state laws on opioid prescribing and outcomes.
3 Findings from our current study have the potential to inform state policymakers on necessary changes to make future laws more effective in curbing opioid misuse. Our findings also underscored the need for policymakers or governments to clearly define and target the relevant outcome measures during the legislative process of enactment of laws regulating opioid prescribing.
